Several groups have investigated the phenomenon of the generation of pulsed electrical energy realized from the shocking of modern strong permanent Ferro magnets. The Care'n Co., together with Hyperspectral Sciences, Inc., have performed several experiments, one of which this paper discusses in detail. The shot design and the diagnostics are described in the paper.
1
. The shot described by this paper aligned the shock wave vector perpendicular to the axis and by shaping, entered the magnet in a nearly radial inward fashion. Because the radial velocity of the shock was so much larger than the relief wave from the two ends, the behavior had strong 2D character. This allowed an approximate modeling with the 2D hydro-code CALE in the x-y mode. CALE has a magnetohydrodynamic modeling capability, but these were not used in the described simulations. The authors were interested in the suggested temperature in the magnetic material behind the shock and how that compared to the magnetic phase diagram. It seems likely that the flux is released due to the material being heated beyond the magnetization boundary but maybe below the Curie temperature. These observations are discussed.
I. EXPERIMENT
The following pictures are of the preparation for this experiment. The explosive was hand packed C-4 and the detonator is a RP-80. The signal was recorded with a high impedance termination so that the record is just the time rate of change of the magnetic flux appearing adjacent to the single turn flat strap wrapped around the magnet. 
II. ANALYSIS
CALE was used as the analysis tool. CALE 2 is an ALE code (written in C) that includes Magneto-Hydrodynamics, but in these simulations the MHD was turned off. Only the effect of the HE generated shock wave heating was being examined. The following series of images are from the CALE simulation. CALE will compute and plot the increase in internal specific energy (from ambient) and those plots are shown below. Also included are "line outs" of the specific energy: a trace across the middle of the magnet from left to right. These specific energy plots can be compared to the magnetic phase diagram for the permanent magnet. A Curie plot for the Ferro-magnet is shown in figure 18 . This is a simple theory and is presented here just to indicate the general shape and trend of these phase diagrams. By way of explanation, the x axis is the ratio of the temperature in Kelvin to the Curie temperature for this material and the y axis is the fraction of the residual magnetization for the subject material. As the temperature grows upward, the magnetization residual in the permanent magnet falls until the Curie temperature is attained at which point the magnetic behavior of the material reduces to its paramagnetic state. The Curie temperature for this particular magnet is 583.15 degrees Kelvin and the residual magnetization is 14.5-14.8 kilogauss.
At room temperature and a little above, the specific heat of the magnet material is 0.447 Joules/gK so the Curie temperature is reached at 129.7 Joules/g. That can be converted to the units used by CALE as 0.001297 EU/g and should be compared to the value of the CALE variable "EMAT". A quick look at the plots figures 12-17 indicates that CALE has the material significantly above the Curie temperature, from once shocked throughout the duration of the experiment. So the entire residual magnetization behind the shock must immediately become magnetic induction supported by currents.
If the only current conductor available was the aluminum band wrapped around the magnet in this experiment, then the voltage measured at the terminals of that conductor would be just the time rate of change of the total flux behind the shock front. The flux at any moment is just the product of the magnet's residual magnetization and the area behind the shock front. The rate of change is then just the rate of change of the area multiplied by the residual magnetization.
The area behind the shock wave was determined by tracing the boundary of the shocked region in the CALE simulation and then using the Surveyor's Equation. 
